
FUSE – Fusion Utility Sequence Estimator

Belur V. Dasarathy
Dynetics, Inc.

P. O. Box 5500
Huntsville, AL 35814-5500

belur.d@dynetics.com

Sean D. Townsend
Dynetics, Inc.

P. O. Box 5500
Huntsville, AL 35814-5500

sean.townsend@dynetics.com

Abstract - An expert system GIFTS (a Guide to In-
telligent Fusion Technology Selection) developed to
aid sensor fusion system design, was presented at
Fusion 98 as an on-going project with additional
support tools under development.  In this paper, a
simulation tool, FUSE, that exercises a decisions in -
decision out (DEI-DEO) fusion model to estimate the
benefits (utility) along a sequence of multiple obser-
vations, is presented.  This can be employed either
independently or as one of the tools supporting
GIFTS.  FUSE permits the simulation of different
Boolean fusion logic functions in the context of sen-
sor suites with two independent sensors. The inputs to
FUSE are the sensor performance characteristics in
terms of the probabilities of correct and incorrect
decisions for target and decoy classes along with
parameters that define the fusion logic and duration.
The outputs of the system are the fused system per-
formance expressed in terms of probabilities of cor-
rect-, incorrect- and non- decisions over the specified
range of observations.  Whenever any of these input
parameters are altered, FUSE responds instantane-
ously by updating the fused system performance.  In
order to further aid the user in the comparison of the
different fusion logic alternatives and to assess the
benefits of temporal fusion through multiple inde-
pendent observations, FUSE provides several
graphic visualization options.
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1.  Introduction

A common question that arises, especially from
outside the sensor fusion community, is why fuse the
sensors at all.  An often heard comment is: “Why
should I fuse my two sensors when sensor number
one has superior performance?  I will just be degrad-
ing its performance by mixing in less reliable infor-
mation.”  Of course fusing sensors can be beneficial,

but it is often hard to convey this message without
showing hard data to the skeptic.

Even assuming that one is convinced of the ad-
vantages of pursuing fusion, a second question is
often how the fusion should be accomplished.  This is
the challenge of determining what to fuse, when to
fuse [1], and how to fuse.  There is abundant litera-
ture offering different methods of accomplishing fu-
sion [2,3], but few universal rules to follow.  Instead,
each scenario has been individually analyzed and all
methods have to be considered in the appropriate
context.

FUSE (Fusion Utility Sequence Estimator) is de-
signed to address both of these questions, albeit in a
limited fashion.  To help with the first problem (ad-
dressing the utility of fusion), FUSE can be used as a
stand-alone fusion simulator.  A user simply inputs
appropriate values for the individual sensor charac-
teristics through the user interface and fused decision
probabilities are immediately updated.  Hence, the
advantages of fusion can be instantaneously gleaned.
To further aid in examining the fusion benefits,
graphical representations can be displayed.

FUSE, when used in conjunction with GIFTS (a
Guide to Intelligent Fusion Technology Selection)
[4], addresses the larger problem as well.  GIFTS
guides a user through an interactive query session
that defines a fusion system architecture that is ap-
propriate to the problem environment under consid-
eration.  Included within the GIFTS architecture, are
several support tools that provide assistance to the
designer in developing and assessing the detailed
fusion system design corresponding to the chosen
architecture.  FUSE is an additional assessment tool
that can be included in the GIFTS architecture or can
be operated as a stand-alone simulation.  FUSE em-
ploys a decisions in -decision out (DEI-DEO) fusion
model to estimate the benefits along a sequence of
multiple observations using a two-sensor suite under
AND and OR boolean logic.

In this paper, the initial version of FUSE will be
introduced.  In Section 2, an overview of the basic



fusion concepts underlying the estimation techniques
is presented along with a summary of the GIFTS ar-
chitecture.  Section 3 is a description of the FUSE
simulation and section 4 presents how FUSE can be
used as a realistic analysis tool.  Section 5 offers
some closing comments and outlines the scope for
further development.

2. Background

This section contains the basics of the methods
by which FUSE estimates fusion benefits and the
GIFTS architecture.  For more details on the estima-
tion techniques see [5].  Those interested in GIFTS
should look up [4].

2.1 Fused Probability Estimation

There are two basic fusion strategies that are used
in FUSE.  The two strategies are OR and AND boo-
lean logic.  Both strategies operate in an environment
where two sensors are operating in parallel, have a
provision for multiple looks, and have a non-decision
option as well as the normal binary decisions.  OR
logic fuses decisions by making a binary decision if
the two sensors are not contradictory and a non-
decision otherwise.  AND logic, on the other hand,
requires that the two sensors make concurring deci-
sions to obtain a binary decision and a non-decision
otherwise.

Let cij, wij, and uij correspondingly represent the
probabilities of correct, incorrect, and non-decision
of objects j ={Target (T), Decoy (D)} by the sensors i
= {1,2}, where both sensors are deemed independent.
Similarly, pfj

k, qfj
k, and rfj

k represent the fused prob-
abilities of correct, incorrect, and non-decision of
object j after the kth fusion attempt under logic f =
{OR (o), AND (a)}.   Using these definitions we note
that

1=++ ijijij uwc .                                               (1)

It can then be shown for OR logic that
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Similarly, the following equations can be developed
for AND logic.
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The kth probabilities can thus be written as
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These eleven equations form the basis of the fusion
benefit analysis in FUSE.

Three types of fusion benefits will be defined.
These are with respect to the probability of correct
decision, probability of incorrect decision, and both.
A fusion benefit exists with respect to the probability
of a correct decision when

),max( 21 jj
k

fj ccP > .                                       (12)

Similarly, the fusion benefit with respect to the prob-
ability of an incorrect decision would be

),min( 21 jj
k

fj wwQ < .                                     (13)

A joint fusion benefit is thus when both (12) and (13)
simultaneously hold true.

2.2 GIFTS

GIFTS is currently composed of four modules.
The primary component is the architecture selection
process that determines the relevant architecture.
The second piece is a reference database that can be
used to help answer problem specific questions.  The
third part is an FEI-DEO fusion selector.  It provides
a means of choosing an implementation of FEI-DEO
fusion.  The final component is FUSE that is dis-
cussed in this paper to simulate DEI-DEO fusion.

Through the use of all the modules, GIFTS can
provide aid to the fusion system architecture designer
during the different phases of development.  The
user, who knows the specifics of a fusion problem,
uses GIFTS to determine a proposed architecture.
This is accomplished by responding to problem spe-



cific questions posed by the primary component of
GIFTS.  Once the proposed architecture has been
created, the user will begin a problem specific refin-
ing process that will produce a fusion solution.  Dur-
ing this time, the goal is to determine the optimal
means of implementing the different fusion modes in
the proposed architecture.  (Of course the option of
not utilizing a fusion mode in the proposed architec-
ture is always available.  It may be that even though
fusion is practical in this mode, there is no reasonable
means of implementing it in the user’s application, or
a restraint outside the realm of GIFTS could be a
limiting factor.)

It is at this point in the development process that
the remaining modules of GIFTS will be useful.  The
reference tool can be used to provide sources of in-
formation on different fusion levels.  The reference
tool will provide a list of references that are related to
the fusion modes in the proposed architecture.  Thus,
the reference tool makes use of the knowledge gained
by the primary component.  Similarly, if the user has
not previously determined methods for performing
FEI-DEO fusion or making local decisions, then the
FEI-DEO fusion selector will be helpful.  In this tool,
the user is asked application specific questions to
determine the most appropriate implementation
method.  The FUSE tool would be used to investigate
DEI-DEO fusion as discussed in this paper.

3. The FUSE Tool

FUSE is currently implemented on a PC using
Visual C++ [6].  It will thus run with no alterations
on Windows 95, Windows 98, or Windows NT.  The
user can alter the sensor characteristics by choosing
"Fusion Inputs" from the Fusion menu, or by clicking
on the fusion characteristics button on the toolbar.
Figure 1 shows the user interface with the Fusion
menu activated.  After "Fusion Inputs" has been cho-
sen, the Data Definition Dialog Box (DDDB) will
appear.  It is through this dialog box that the fusion
characteristics can be altered.  Figure 2 is the default
setting of the DDDB.

The DDDB consists of two group boxes labeled
"Inputs" and "Fused Decision Probabilities", respec-
tively along with a button label "OK."

The "Inputs" group is where the fusion charac-
teristics are controlled.  The inputs that can be altered
are: decision probabilities for sensor 1, decision
probabilities for sensor 2, the type of fusion logic,
and the number of looks permitted for each sensor.
Note that the user can have control over the correct
and incorrect decision probabilities for both of the
possible binary decisions (T and D).  This allows for
the maximum flexibility in the definition of a sensor.

These probabilities can be entered by directly typing
in the desired number of by using the adjacent slid-
ers.  It should also be pointed out that from equation
(1), the four non-decision probabilities are uniquely
defined by the inputs.  The fusion logic is selected by
a simple check box (checked for AND logic and un-
checked for OR logic).  The number of looks are en-
tered by typing the appropriate integer in the box
labeled "Number of Looks."

The "Fused Decision Probabilities" group is
where the fused results, based on the above inputs,
are displayed.  The fused correct, incorrect, and non-
decision probabilities are displayed for both the T
and D binary decision.

The calculation of fused probabilities is only one
aspect of FUSE.  FUSE also provides a collection of
visualization tools to help analyze the results.  Each
of these options are accessed through the “Fusion”
menu.  (Note that to activate the “Fusion” menu the
input dialog cannot be open.  Hence, if the dialog box
is open then the “OK” button needs to be selected to
exit the dialog box.)  The graphical options are:
“Plot Target”- plots the fused correct, incorrect, and

non-decision probabilities, for the T object,
against the number of looks,

“Plot Decoy” - plots the fused correct, incorrect, and
non-decision probabilities, for the D object,
against the number of looks,

 “Plot Target And/OR” - plots the fused correct prob-
ability, for the T object, under both AND
and OR logic against the number of looks,

“Plot Decoy And/OR” - plots the fused correct prob-
ability, for the D object, under both AND
and OR logic against the number of looks,

“Plot Target Fusion Benefits” - plots the fused cor-
rect and incorrect probabilities, for the T
object, against the number of looks while
shading the domain of fusion benefit for
each and marking the domain of joint bene-
fit, and

“Plot Decoy Fusion Benefits” - plots the fused cor-
rect and incorrect probabilities, for the D
object, against the number of looks while
shading the domain of fusion benefit for
each and marking the domain of joint bene-
fit.

The definition of a domain of joint fusion benefit is
the intersection of the domains of correct and incor-
rect fusion benefit.   The domain of correct (incor-
rect) fusion benefit is the domain where the correct
(incorrect) fusion benefit exists.  The correct and in-
correct fusion benefit domain can be thought of as the
domain bounded by a fused probability curve (with
respect to the number of looks) and the best perform-
ance of a single sensor.  As an example, if the prob-
ability of correct, incorrect, and non-decision for sen-



sor 1 are 71%, 16%, and 13% respectively and 45%,
15%, and 40% for sensor 2, then the best perform-
ance for a single sensor would be a correct-decision
probability of 71%.  Thus the fused correct probabil-
ity curve and a horizontal line would bound the do-
main of fusion benefit for the probability of a correct
decision at 71%.

4. FUSE Usage Illustration

For FUSE to be of practical value, one needs to be
able to exercise it in a realistic scenario.  It is meant
to be a utility to assist a fusion system designer.  To
demonstrate its utility, consider the following sce-
nario.  A fusion system is being designed that em-
ploys two sources of decisions (or sensors) that are
independent and capable of multiple looks.  (An ex-
ample of such a system would be a target acquisition
system that employs an active X-band radar and a
passive IR sensor.)

The goal is to balance the performance require-
ments of the system against the costs.   Often this
balance is obtained while using individual sensors
that make decisions below system specifications and
obtain decision probabilities that meet specifications
through fusion. For example, the system in this sce-
nario requires that the probability of correct and in-
correct decisions for the target object are 95% and
1% respectively, while these probabilities are 90%
and 5% for the decoy object.  From a cost-benefit
analysis, it was determined that each sensor will be
manufactured to produce at best a 65% - 70% prob-
ability of a correct decision and 7% - 10% probability
of incorrect decision.  Also, the maximum number of
looks desired should be between 5 and 8.

Initial values are first chosen in the analysis.  In
this case, sensor one has probabilities of correct (T),
correct (D), incorrect (T) and incorrect (D) of 0.650,
0.549, 0.070, and 0.098 respectively.  Similarly, sen-
sor two has values of 0.700, 0.647, 0.075, and 0.137.
OR logic will be examined with the number of looks
at five. The DDDB with these values is displayed in
Figure 3.

Immediately, it can be seen that the results will
not be satisfactory because the fused probabilities are
just shy of the specifications and the non-decision
probability has been driven down to 0 at five looks
leaving no room for further gains.  Hence, additional
looks will not help.  Likewise, fewer looks will de-
grade performance.  Both of these conclusions can be
seen by examining the "Plot Target" and "Plot De-
coy" graphs.  (See figures 4 and 5.)

One possibility, yet to be considered for these
sensor inputs is the use of AND as opposed to OR
logic.  By examining the "Plot Target And/OR" and

"Plot Decoy And/OR", it can be seen that AND logic
shows increased fused correct probabilities for
greater than five looks.  The “Plot Decoy And/OR”
graph is displayed in figure 6.  By checking the AND
logic on the DDDB,  AND logic results can be more
investigated further.  An examination of the "Plot
Decoy" graph, which can be found in figure 7, shows
that a minimum of 6 looks will be needed, but un-
fortunately for 6 or more looks the fused probabilities
for the target object do not meet the specifications.
Hence, the basic sensor characteristics need to be
tweaked.  The probability of correct (T) decision will
be increased to 0.6600.

With this new value, the "Plot Target And/OR"
and "Plot Decoy And/OR" show that for five looks,
OR logic is preferable but for 6 or more looks AND
logic will provide better fused results.  The “Plot
Target And/OR” is shown in figure 8.

Unfortunately, an inspection of either the "Plot
Target" or "Plot Decoy" (which is shown in figure 9)
charts show that five looks will produce a probability
of incorrect decision that is larger than acceptable.
Hence, AND logic will be considered with six to
eight looks.  With six looks, the system requirements
can be met.

Of course because this analysis is being done in
the design phase, another useful fact is to know how
many looks are required for fusion to be beneficial.
An examination of the "Plot Target Fusion Benefits"
and "Plot Decoy Fusion Benefits" shows that fusion
benefits can be obtained in the range of three to eight
looks.  These plots are displayed in figures 10 and 11
respectively.

5. Concluding Comments

This work represents a continuing effort to fur-
ther the application of fusion technologies by devel-
oping tools to aid in fusion system development.  As
a continuation of this effort, the same logic that was
used to develop the theoretical foundations for de-
termining fusion benefits for two sensors should be
expanded to include three or more sensors and incor-
porated into FUSE.  Furthermore, additional modules
(similar to FUSE) covering other fusion modes
should be added to increase the utility of the GIFTS
architecture.
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Figure 1:  FUSE menu options

Figure 2:  Data Definition Dialog
Box with default values.



Figure 3: Initial analysis inputs

Figure 4:  Plot of fused probabili-
ties for the target object using
initial inputs

Figure 5:  Plot of fused probabili-
ties for the decoy object using
initial inputs



Figure 6:  Comparison of prob-
ability of correct decision for
decoy object using initial inputs
under AND and OR logic

Figure 7:  Plot of fused probabili-
ties for decoy object using AND
logic

Figure 8:  Comparison of prob-
ability of correct decision for
target object using revised inputs
under AND and OR logic



Figure 9:  Plot of fused probabili-
ties for decoy object using OR
logic and revised inputs

Figure 10:  Fusion benefits for
target object using revised inputs
and AND logic

Figure 11:  Fusion benefits for
decoy object using revised inputs
and AND logic


